Deregulation of biometal homeostasis: the missing link for neuronal ceroid lipofuscinoses?
Neuronal ceroid lipofuscinoses (NCLs), a group of genetically distinct fatal neurodegenerative disorders with no treatment or cure, are clinically characterised by progressive motor and visual decline leading to premature death. While the underlying pathological mechanisms are yet to be precisely determined, the diseases share several common features including inflammation, lysosomal lipofuscin deposits and lipid abnormalities. An important hallmark of most common neurodegenerative disorders including Alzheimer's, Parkinson's and motor neuron diseases is deregulation of biologically active metal homeostasis. Metals such as zinc, copper and iron are critical enzyme cofactors and are important for synaptic transmission in the brain, but can mediate oxidative neurotoxicity when homeostatic regulatory mechanisms fail. We previously demonstrated biometal accumulation and altered biometal transporter expression in 3 animal models of CLN6 NCL disease. In this study we investigated the hypothesis that altered biometal homeostasis may be a feature of NCLs in general using 3 additional animal models of CLN1, CLN3 and CLN5 disease. We demonstrated significant accumulation of the biometals zinc, copper, manganese, iron and cobalt in these mice. Patterns of biometal accumulation in each model preceded significant neurodegeneration, and paralleled the relative severity of disease previously described for each model. Additionally, we observed deregulation of transcripts encoding the anti-oxidant protein, metallothionein (Mt), indicative of disruptions to biometal homeostasis. These results demonstrate that altered biometal homeostasis is a key feature of at least 4 genetically distinct forms of NCL disease.